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Abstract 
Author: Leonard W. Hennessy, HI 
Title: The Effects of a Pathway-in-the-Sky Display on Performance of a Two 
Axis Tracking Task by Instrument Rated Pilots 
Institution: Embry-Riddle Aeronautical University 
Degree: Master of Aeronautical Science 
Year: 1995 
This study was founded on the premise that airplane cockpit operations, while 
generally safe and relatively efficient, can be made even more so by employing instrument 
displays which are potentially more intuitive than existing displays. A low fidelity flight 
simulator was used to conduct an experiment comparing the performance of twenty-four 
instrument rated pilot subjects on a two axis tracking task (an Instrument Landing System 
Approach) under three instrument display conditions: (1) conventional instruments (INST); 
(2) a Pathway-in-the-Sky (PITS) display; and (3) a combination of the two (BOTH). 
The primary hypothesis, that pilot performance using the PITS and BOTH display 
configurations would be more accurate than when using conventional instruments, was 
accepted. The results indicated that no significant difference existed between performance 
under the PITS and BOTH conditions; however, performance was significantly better 
under either the PITS or BOTH conditions than under the INST condition. The study 
concluded that use of the PITS and BOTH displays yielded superior performance on the 
tracking task, and that if performance on the low-fidelity flight simulator is ever at all a 
predictor of performance in an actual aircraft, then the PITS and BOTH displays might 
yield superior performance in actual flight, potentially resulting in safer instrument flight 
operations. 
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1. Introduction 
The human-machine system that is an airplane is not 100% efficient, from a safety 
standpoint, by nature. 
This is the fault of neither the human nor of the machine individually; rather the 
inefficiency is shared and contributed to (although unintentionally) by both. One area of 
inefficiency is the display of aviation and navigation information to the pilot in the cockpit. 
Unfortunately, inefficiency of the pilot's cockpit instrument scan directly translates to the 
reduction of operational safety. 
Essentially, the basic six conventional instruments, the airspeed indicator, attitude 
indicator, altimeter, turn coordinator, heading indicator and vertical speed indicator, have 
developed as the primary method of displaying flight information in the cockpit since the 
1930s and '40s. In spite of a history of over 50 years of progressive training development, 
advances in mechanical reliability and performance, and the overall breakthroughs and 
growth of aviation, the same classic "flight by instrument" related errors, such as 
instrument fixation, omission, and the unintentional inclusion of failed instruments in the 
instrument scan, are problems which still exist and potentially threaten the safety of aviation 
operations. Pilot-aircraft performance efficiency and safety are obviously not at an optimum 
(i.e., the level of perfection), and cannot ever be optimum; however, with the consistent 
advance of technology and development of improved training techniques, performance and 
safety may at least approach optimum. Through the constant development of technology, it 
is only recently possible to progress beyond what is known about performance and safety 
with conventional displays and delve into the realm of non-conventional displays to 
determine if performance and safety can be increased. 
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An effective analogy for conveying the idea of the constant approach of aviation 
technology to the optimum level of safety is the mathematical function and graph depicted 
in Figure 1: a standard equation for a hyperbola (here, its absolute value). Setting the x-axis 
equal to "Technological advances and improvement in training quality," it is clear that as 
"x" increases, "y," "The likelihood of aviation mishaps," will subsequently decrease. 
However, as is common knowledge, no number can be divided by zero; additionally, "x" 
continues on to infinity. Subsequently, "y" (aviation mishaps) will never reach zero, and 
the optimum level of aviation safety (perfection) can never truly be attained. (The only way 
to make aviation perfectly safe is not to fly.) Nevertheless, as "x" gets larger in value, "y" 
will always continue to approach zero, and that is a goal that is very worthwhile pursuing. 
Technological advances and 
improvement in training quality 
Figure 1. The Mathematical Analogy Conveying the Relationship Between Advances in 
Aviation Technology and Training and the Likelihood of Aviation Mishaps. 
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Conventional cockpit instruments work just fine: flight information is displayed in a 
manner which allows safe aviation operations most of the time. However, a review of 
literature will reveal that, for a given flight task, non-conventional pictorial based displays 
might allow a pilot to perform just as well as when using conventional displays if not 
better. Further, the intuitive characteristics of pictorial-based displays cannot be ignored, 
for the immediate benefit is in allowing the pilot to apply the same mental orientation cues 
learned simply by existing in the physical world to the task of piloting an airplane, thus 
allowing the pilot to interface with the aircraft instruments in a more familiar manner. The 
literature therefore leads to the notion that the use of pictorial displays may contribute to the 
approach of optimum aviation safety. 
Since the development and subsequent constant refinement of small computers in 
the early 1980s, the technology required to make pictorial based displays an operational 
reality in general aviation now exists (albeit at great expense). Thus, serious comparative 
analyses ought to be made between what might be considered the "next generation cockpit 
display" (i.e., the computer generated pictorial-based cockpit display), and conventional 
cockpit instrument displays. Thus, a simple way to carry out this analysis is through low 
fidelity flight simulation, such as is the undertaking of the present study. 
The pictorial-based display of flight information under consideration in this study is 
the Pathway-in-the-Sky (or PITS) display. Generally defined, the PITS display is a three 
dimensional representation of the aircraft's intended and/or actual flight path as seen 
through the cockpit forward window (see Figures 2 and 3). For the purpose of this study, 
the PITS display (in the software package used) allows the pilot too pre-set altitude and the 
navigation aid course to follow. An actual operation display might (depending on design 
complexity) not only be able to follow a Federal Airway or a satellite defined flight path, 
but also permit a pilot to manually execute a zero ceiling/zero visibility landing. 
3 Dimensional representation of sky 
3 Dimensional representation of 
flight path (the pathway display) 
3 Dimensional representation of terrain 
Figure 2. The Generic PITS Display Depicting the Course for Straight and Level Flight. 
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3 Dimensional representation of sky 
3 Dimensional representation of 
flight path (pathway) 
3 Dimensional representation of terrain 
Figure 3. The Generic PITS Display Depicting the Course for a Climbing Turn. 
However advantageous a new device might seem, this paper does not suggest that a 
PITS display is a panacea for Instrument Flight Rules (IFR) flight operational hazards. 
Weiner (1990) warns, in reference to the implementation of automation into a system, that 
while a new device holds many potential benefits (as previously mentioned) as well as long 
awaited remedies, it also can carry with it a host of undetectable, even unrelated problems 
which can only be revealed through experience. Even after the new system or device has 
been tested in simulation (whether low fidelity or high), the way that it will perform under 
actual conditions during a real life scenario may predictable, but not entirely definable. It 
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would be prudent to be mindful of this statement when considering the integration of the 
PITS display into existing aircraft systems. 
This study examines the performance of instrument rated pilots using a PITS 
display vs. their performance using conventional instruments vs. their performance using a 
display combining the two, in conducting a two axis tracking task (an instrument landing 
system (ILS) approach) through zero visibility conditions to 200 feet above ground level 
(AGL). It is hypothesized that performance of the task while using the pictorial (PITS) 
displays will be superior to performance using conventional instruments. The rationale for 
the hypothesis stems from the fact that 80%-90% of human spatial orientation ability is 
gained from peripheral visual cues, resulting in a display configuration which is potentially 
easier to use than existing conventional displays, and which could yield safer IFR flight 
operations. 
The Review of Related Literature will cover previous studies which examine the use 
of other different types of pictorial displays, emphasizing the general superiority of a 
pictorial display over an analog display for the performance of certain flight related tasks. It 
should be noted that a tradeoff exists between using only pictorial displays or using only 
analog displays. With a pictorial display, it is possible to get a holistic but inexact 
impression of the state of the aircraft in relation to its prescribed flight path. With analog 
displays, it is possible to get exact readings for the different parameters of performance 
(airspeed, altitude, etc.), but each bit of information is displayed separately (except for the 
attitude indicator which displays both pitch and bank information). 
Regardless of the tradeoffs, the ultimate motive of this study is to emphasize the 
continual need for the drive toward optimum aviation safety in all realms of aviation 
(specifically in general aviation) by the application of both existing technology and 
(perhaps) non-conventional thinking toward the resolution of time-proven threats to 
aviation safety. 
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Statement of the Problem 
Aviation safety and aircraft pilot performance are compromised by the potential for 
error due to instrument fixation, omission, and the unintentional inclusion of failed 
instruments in the instrument scan when conducting flight solely by reference to 
instruments. 
Significance of the Problem 
Aviation safety and aircraft pilot performance have the potential to be enhanced by 
the use of pictorial displays due to the more intuitive nature of pictorial displays over analog 
displays. 
Review of Related Literature 
Display Design Considerations for Effects on Performance 
While the concept and parameters for a PITS seem very specific, the presentation of 
prediction and flight path guidance can be displayed in a variety of ways and thus a number 
of concerns must be discussed. 
Roscoe and Eisele (1980) classified integrated display types using three essential 
concepts: (a) the point of view from which one looks; (b) the mode by which information is 
coded (e.g., presenting the picture of outside with simple stick lines or highly detailed 
graphics); and (c) the viewing manner (head-up or head-down). They proceeded to discuss 
the pictorial display format and reference evidence that pictorial displays allow the viewer to 
assimilate information rapidly (implying that it would be quicker and easier to learn and use 
a pictorial display instead of a traditional analog display). Finally, they proposed that 
classic Visual Flight Rules (VFR) to IFR training transition problems would disappear 
since, in effect, no transition would be necessary. 
With regard to the rapid assimilation of pictorial information, Adams & Lallman 
(1978) examined the use of a three dimensional computer-generated box (the "follow-me" 
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box) for flight path guidance in executing simulated ILS approaches. The box itself is 
displayed as being slightly ahead of the aircraft and was tested at ranges of 92, 184, 368, 
and 550 meters. Additionally, for each range, the size of the box varied proportionately; 
i.e., the longer the range, the larger the box. 
The trials progressed by testing performance with the longest range box first, and 
shortest range last. After each trial with a follow-me box, similar trials using a cross-
pointer display were run for comparison. (The cross-pointer display consists of course 
deviation indicator needles for localizer and glideslope superimposed on an attitude 
indicator.) 
Five subjects were used (four of which were aircraft pilots of varying experience). 
Each subject indicated that using the cross-pointer/attitude indicator required great cognitive 
effort, whereas they reported that the follow-me box was very easy to use and intuitive in 
nature. Adams & Lallman noted that, in general, errors of localizer and/or glideslope 
displacement were quickly corrected using the follow-me box display. 
Overall, Adams & Lallman concluded that since the follow-me box display 
consolidated course guidance information and course deviation information into one, it is 
an easier display to use than the conventional course deviation indicator needles. This 
conclusion is further emphasized by their data which indicated superior flight/instrument 
landing task performance using the follow-me box than when using conventional needles. 
Finally, they recommended that the follow-me box be considered for future computer-
augmented instrument approach displays. 
In a later, related study, Adams (1982a) studied the same "follow-me" box display 
in executing instrument approaches in an experimental general aviation type aircraft. 
Essentially, the flight test study results coincide with the simulator study results, 
supporting the theory that instrument approaches are possible using the "follow-me" box 
display, but that the pictorial display results in a lower pilot-perceived workload with no 
detriment to pilot-perceived performance (Adams, 1982a). 
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The study by Reising, Barthelemy, and Hartsock (1989) evaluated aircraft pilot 
performance using three different display conditions to fly both simple and complex routes. 
The three display conditions were: (1) a HUD consisting of a course deviation indicator and 
velocity vector; (2) a 2-dimensional (2-D) PITS (gray when viewed from above and gold 
when viewed from below) and a digital airspeed indicator; and (3) a 3-dimensional (3-D) 
PITS also coupled with an analog airspeed indicator. Eighteen pilots participated in the 
study. Each pilot flew twelve flights, fully randomized to counter-balance learning effects. 
Further, the order in which each pilot received the three display formats was also counter-
balanced over all 18 participants. Data was collected on altitude, lateral deviations, and 
airspeed deviations. In the event of a crash, that pilot was allowed to repeat the flight only 
after all other flights had been completed, and the original flight data recorded for that trial 
was discarded. 
Reising, et al. reported that pilot performance using the 3-D PITS was better than 
performance with the HUD in all cases. Further, pilot performance using the 2-D PITS was 
superior to the HUD when flying the complex routes. They indicated that performance 
using the PITS is superior because of the capability of the pilot to anticipate climbs, turns, 
etc. when using the PITS, and the lack of that capability when using the HUD. Further, 
Reising, et al. reasoned that performance using the 3-D PITS is not significantly better than 
performance using the 2-D PITS if depth cues are adequately conveyed on the 2-D display. 
Therefore, the 2-D PITS was just as intuitive to use as the 3-D PITS. 
A few other design related issues are also noteworthy. The purpose of Adams' later 
study (1983) was to determine the effect of varying the range and field of view of a follow-
me box on pilot performance of flight tasks. The display itself consisted of a cathode ray 
tube depicting the computer generated three-dimensional follow-me box ahead of the 
aircraft and on the assigned flight path, supplemented with conventional analog flight 
instrument displays. Adams (1983) used a fixed base single engine, general aviation 
simulator for the study and seven pilots of varying flight experience. The range to the box 
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(i.e., the displayed distance between the box and the plane) and the field-of-view 
configurations were varied in the experiment, and pilot responses and preferences for 
display configuration were recorded. Adams found that overall pilot preference for display 
configuration (i.e., range and field of view preference) was not consistent with the display 
configurations which yielded superior performance for the varying phases of flight. Thus, 
a pictorial display configuration's appropriateness may vary between phases of flight. 
In one of a series of experiments, Lintern and Liu (1991) set out to identify visual 
references which pilots use to control their glide slope during a visual approach to landing. 
They have shown that a visible horizon (i.e., seeing the horizon line itself) is not necessary 
and that the surrounding terrain which implies where the horizon might be will influence 
glide slope control. This information would be applicable to the pathway display in that it 
might help determine what the optimal "landing picture" is for display (as mentioned 
earlier, for the possibility of manually executing landings in zero visibility/zero ceiling 
conditions). 
The purpose of the study by Busquets, Parrish, and Williams (1991) was to 
determine if a head down stereoscopic display would degrade pilots' depth perception of 
the real world (i.e., during the transition from instruments to outside visual reference at 
decision height). Eight pilot participants were given the task of flying an instrument 
approach using the PITS in both a stereoscopic and non-stereoscopic format. Upon 
reaching decision height, the pilot would then look up and perform a stereoacuity test using 
real objects to measure each pilot's immediate depth perception. (It should be noted that this 
study by Busquets, et al. (1991) was conducted with the PITS displayed on a instrument 
panel mounted cathode ray tube display, not a heads-up display.) They concluded that there 
was no difference in the pilots' real world visual acuity after short term exposure to either 
stereoscopic or non-stereo display types, but further noted that the effects of long term 
exposure on visual acuity had yet to be studied. 
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(It must be noted that, in using a PITS display of the same configuration as the one 
used in the present study, the range of the boxes, their depicted size and location in relation 
to the aircraft, and the number of boxes depicted in a given area of space all probably affect 
pilot performance using a PITS in flight operations. However, the precise nature of these 
effects and their results are not within the scope of the present study.) 
Rationale for the Development and Potential Superiority of the PITS Display 
In a report specifically geared toward existing human factors problems in general 
aviation, Shelnutt, Childs, Prophet, and Spears (1980) specifically indicate that 80% of all 
general aviation accidents can be attributed to pilot error. They discuss six components 
which contribute to that accident rate, including the aircraft, pilot certification and rating, 
and training and maintenance of proficiency assessments of pilots. Shelnutt, et al. suggest 
that technology be employed to develop controls and cockpit instrument displays which 
will be less conducive to error; however they also recognize that completely new displays 
for cockpits could severely impair the performance of the existing population of current 
aircraft pilots by alienating their existing knowledge and experience. 
Considering an article by Roscoe (1968), airborne displays are discussed in the 
context of the conducting of all phases of aircraft operations without any exterior visual 
reference. With this foresight, Roscoe implies that conventional instrumentation is 
inadequate and in need of re-evaluation. The parameters Roscoe establishes for an aircraft 
instrument panel display are essentially as follows: the display must allow the fright crew to 
aviate, navigate, monitor the aircraft's systems, and control all flight parameters safely, 
precisely, and efficiently. Roscoe then discusses the superiority of integrated displays over 
separated displays in relation to the execution of these tasks. (Integrated displays provide 
related information in a common reference that can be easily and unambiguously 
interpreted, whereas separated displays each provide only one piece of data; e.g., airspeed, 
altitude, etc. Note that most conventional instrument displays are "separated".) 
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Briining (1969) indicates that conventional aircraft instrument displays present 
information in an extremely inadequate fashion, particularly so for instrument flight, and 
indicates that PITS type displays provide flight information in a much more intuitive 
manner. According to Briining, the PITS display should allow the pilot to quickly and 
easily interpret flight information and also be able to quickly and easily take control of the 
aircraft in the event of an autopilot failure during a critical phase of flight (e.g., climbout, 
approach, landing, etc.). For Briining's investigation, the PITS was tested during 
simulated cruise and approach/landing phases of flight. The study used only one pilot, 
however, flying a fixed base general aviation simulator, executing repeated trials. Briining 
indicates that the use of the PITS display resulted in only one error out of 61 trials for the 
cruise phase of flight, and resulted in no errors out of the 61 approach and landing trials. 
Considering the conclusions of the previous studies and the proposed 
rationalizations for each, the natural means by which humans orient themselves should be 
briefly discussed. Reinhart (1993) indicates that approximately 90 percent of the human 
ability to acquire and maintain spatial orientation results from visual cues. Further, 
approximately 90 percent of spatial orientation resulting from visual cues is directly from 
peripheral vision. 
Schatt and Wilckens (1971) discussed the features of a PITS type display in regard 
to the rationalization leading up to its development. They immediately discussed the 
benefits and effectiveness of exterior visual cues (i.e., visual contact with the ground, etc.) 
for maintaining spatial orientation and the rapid recognition of necessary control inputs. 
Schatt and Wilckens then considered the application of similar visual cues to the design of 
an aircraft instrument display for operating in all weather, day or night conditions. What is 
implied is that the PITS supplements some visual cues for orientation and allows the pilot 
to apply the recognition of these cues toward instrument flight. 
In describing their PITS display, Knox and Leavitt (1977) provided a rationale for 
the purpose and benefits of such a display in conducting normal aircraft operations 
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(applicable to a variety of missions). Knox and Leavitt described the PITS as a contact 
analog display which consolidates information pertaining to aircraft kinematic performance, 
navigation, flight path prediction and aircraft attitude into one centrally located cathode ray 
tube display. Further, Knox and Leavitt indicated that such a display has the potential to 
reduce aircraft pilot cognitive workload by means of integrating aircraft attitude and 
navigation information into one display. They suggested that the pilot's instrument scan 
pattern could therefore be reduced, followed by a reduction in the pilot's cognitive 
workload. 
At the time of the writing of their article, Roscoe, Corl, and Jensen (1981) 
recognized that the original good concepts for alternative (i.e., non-conventional) displays 
were finally able to be seriously considered and (from a technological standpoint) 
practically approached. Roscoe, et al. reasoned that PITS flight path predictor display 
concepts which had previously been difficult to approach (for technological reasons) were 
becoming more technologically feasible and therefore warranted serious analysis. (The 
reason for the technological feasibility of these display ideas is the advent of micro 
processing.) However, beyond the idea of 'the necessity of the use of technology because 
of its presence,' Roscoe, et al. stress the importance of the "prediction" capability in the 
flight task. They suggest that with the potential advent of autopilot instrument approaches 
and landings under zero visibility conditions, it would be extremely difficult if not 
impossible for a pilot to assume "last minute" control of an aircraft in the event of an 
autopilot failure using conventional displays. The reason for this difficulty is the inability of 
conventional displays to provide prediction information. (A prediction display is one that 
provides the future state of the aircraft given the current control inputs.) However, Roscoe, 
et al., in discussing the advantages of pictorial based displays, indicate that the 
operator/pilot is able to apply the same laws of spatial relationships and interaction inherent 
in human existence to the task of piloting an aircraft. They further indicate that larger 
displays are not only more appealing but have also been shown to result in fewer control 
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reversals and errors. Other benefits Roscoe, et al. discuss are related to reducing training 
time needed to become proficient with pictorial based prediction displays, and data which 
support pilot performance being consistently superior to performance using conventional 
instruments. Ultimately, Roscoe, et al. provide an analysis of the display concepts for 
future operational development and implementation emphasizing the benefits of pictorial 
based forward looking predictor and flight path displays. 
Sarma and Adams (1981) approach the consolidation and/or separation of flight 
information on cockpit flight instrument displays. They reasoned that overall pilot-aircraft 
system performance would be contingent upon cockpit instrument configuration and the 
efficiency with which the pilot is able to discern the essential flight information from the 
instruments (i.e., the amount of workload generated by the instrument configuration). 
The study by Sarma and Adams consisted of examining the effect of segregating 
bank angle, heading, pitch and ILS flight path information on flight performance, and 
utilized eight aircraft pilot participants. They found that pilot performance deteriorated when 
bank and pitch information were displayed independently, and that pilot performance was 
greatest when bank angle, pitch, and heading information were consolidated into one 
display (i.e., different from conventional displays in that heading is added to pitch and 
bank information). (It is important to consider that the PITS consolidates bank angle, pitch, 
and heading information.) 
Lintern and Koonce (1992) examined the effects of three forms visual display 
augmentation, aircraft guidance and prediction, the effects the level of scene detail, and the 
rate of roll response, on the development and transfer of landing skills. Lintern and 
Koonce's results indicate that the three forms of visual augmentation enhanced descent path 
control during landing training. Lintern and Koonce indicate that because of this data, the 
performance enhancements offered by visual augmentation, guidance, and prediction are 
not confined to following a straight and level path, but are applicable to the descent and 
landing task as well. They also indicate that display types offering visual augmentation, 
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prediction, and guidance might actually yield their greatest benefits during those aspects of 
flight training which are most challenging to flight students. 
Considerations for Performance and Applications to the Operational Environment 
In an earlier study, Lintern (1991) deals with the transfer of skills learned during 
training (in simulators) to the control of the actual machine or task. The study recognizes 
that the learning of certain critical patterns or features of task performance are intrinsic to 
the application of simulator-learned skills to the real scenario, and that the individual must 
adapt as he or she transfers from one to the other. It is possible to infer, then, that 
individuals applying skills used for flight by instruments and (outside) visual reference 
would be able to adapt their skills to the use of a predictor display (i.e., the pathway) in 
place of exterior visual references (as might be the case in a total IMC situation). Lintern's 
study substantiates the assumption that pilots' existing knowledge and skills (developed in 
flight training) can be adapted to using predictor (PITS) guidance displays. 
In Adams (1982b), the purpose of the study was to determine if a pictorial display 
improved general aviation aircraft pilot situational awareness, the characteristics of the 
dynamic pilot-aircraft interaction and interface, and overall pilot-aircraft system 
performance. Adams' apparatus consisted of a fixed base general aviation simulator with a 
cathode ray tube fixed in the instrument panel displaying the pictorial display. The pictorial 
display itself consisted of presenting a computer-generated three-dimensional box 
(commonly referred to as a "follow-me" box) aligned with and moving along the desired 
flight path directly ahead of the aircraft. A reference symbol (crosshairs) was also 
provided, and the pilot's task was to align the reference symbol with the center of the box 
to keep the aircraft flying on course and at altitude. Additionally, stationary boxes were 
established at designated waypoints were also displayed. 
Adams' experiment consisted of four trials using the pictorial display, and either 
one or two trials using a conventional display. Ground track data, vertical profile data, time 
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history of the flight and subjective comments were all collected from the nine subjects (all 
aircraft pilots) on all trials. Adams' results indicate consistent and accurate execution of the 
five segments of each flight trial when flown using the pictorial display. A comparison was 
made of subject performance on trials with the pictorial display and performance on trials 
with the conventional display. For this comparison, Adams finds that performance using 
the pictorial display is superior to performance using conventional display, apparently due 
to the ease in acquiring and maintaining the desired flight path. In using the pictorial 
display, subjects noted the low amount of practice required to attain an acceptable level of 
performance. Further, the subjects all indicated that the use of the pictorial display would 
probably result in the increased safety of single pilot operations and an increase in pilot 
situational awareness. Negative comments on the display were related to the lack of 
numerical data on the display (i.e., no bank angle or heading) and lack of information 
relating to exceeding localizer or glideslope parameters). 
Hoover, Shelley, Cronauer and Filarsky (1984) conducted a study examining pilot 
performance (specifically) through IMC flight using the command flight path display 
(CFPD) (i.e., the PITS display). Essentially, Hoover, et al.'s objective was to establish 
that the CFPD could be successfully used for all normal flight operations, including takeoff 
and landing, when operating in IMC. Pilot performance was measured on the number and 
magnitude of inadvertent departures from designated flight plans, which were composed of 
various instrument maneuvers, an instrument flight training pattern, and an ILS. They 
concluded that it was theoretically possible for pilots to conduct all phases of flight with no 
exterior visual reference. Next, they concluded that the CFPD required much less training 
time to proficiency than conventional display, and much less recurrency training as well. 
Further, Hoover, et al. conclude that the technology is available to implement this device 
into any cockpit with cathode ray tube displays. 
Since the PITS is frequently displayed in a Heads-Up Display (HUD) format, 
Roscoe (1989) describes some of the problems associated with HUDs. Some of the 
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problems he discusses are the difficulty pilots experience in maintaining pitch attitude over 
water and at night by reference to the HUD's artificial horizon, as well as the viewer's 
(pilot's) tendency to focus on the HUD glass itself rather than on outside references. 
Alternatively, Roscoe proposes the development of integrated forward as well as 
downward looking direct displays which provide computer animated flight attitude, 
guidance, and prediction symbology superimposed on sensor generated real world imagery 
as opposed to attempting to rectify the error inducing drawbacks found with current HUDs. 
In conjunction with Roscoe's implications, Regal (1991) reported that the 
development of a next generation high speed commercial transport (HSCT) would likely 
warrant the use of a synthetic vision system. As the laws of aerodynamics dictate that a 
supersonic transport's nose section should be long and slender, an immediate problem 
exists in that forward vision during the takeoff and landing phase would be impaired to the 
point of being useless. Current supersonic transports utilize a variable geometry nose 
section for takeoff and landing, but the tradeoff is in the added weight of the machinery 
required to alter the geometry of the nose section. 
Needless to say, the elimination of this machinery would greatly reduce the overall 
weight of the airframe, allowing more carrying capacity for cargo and passengers. To 
overcome the impaired vision problem, Regal (1991) discusses the plan of The Boeing 
Company to develop a totally synthetic display of outside information. The purpose of such 
a system would be to provide complete visual reference cues (for all phases of flight) to the 
pilots which would otherwise be available with a conventional nose section and forward 
windscreens. Regal further indicates that since the synthetic vision display would likely 
totally integrate the visual, navigational and systems information, it would therefore serve 
as the primary flight display. Additionally, Regal states that such a display would provide 
outside visual cues even in instrument meteorological conditions and darkness (operations 
in any low-visibility situation), and could likely yield safety benefits for sub-sonic aircraft 
as well. 
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Busquets, Parrish, Williams, and Nold (1994) studied the effects of a large screen 
integrated pictorial display on the optimization of crew situational awareness. Busquets, et 
al. (1994) pursue this topic in the interest of enabling transport aircraft operations in 
restricted visibility and also as an approach to a synthetic visual display system (again, as 
for a next generation HSCT). The purpose of Busquets, et al.'s experiment was a 
comparison of pilots' spatial awareness using an electronic flight instrument system (EFIS) 
flight director (i.e., the PITS display) in a wide-field-of-view pictorial format. Sixteen 
airline pilots and test pilots participated in six separate experiments simulating flight 
conditions during various phases of flight (including the approach phase). Overall, 
Busquets, et al. concluded that PITS type displays are conducive to increased aircraft pilot 
spatial awareness and flight performance. Further, Busquets, et al. argued that the use of 
this display could yield benefits in the safety of conducting flight operations, as well as 
simply making possible the use of a totally synthetic vision display system in the next 
generation high speed commercial transport. 
In a different realm of flight operations, Borowski and Reising (1991) discuss 
cockpit design for advanced, highly agile fighter aircraft, and consider some advantages a 
PITS might bring to the combat fighter cockpit. For instance, a PITS coupled with an 
integrated flight control computer might be able to plot a flight path to enable a combat 
firing solution or other maneuver. Additionally, Borowsky and Reising imply that the PITS 
will permit the pilot to fly at excessively steep angles and unusual attitudes yet the display 
will maintain consistent in its appearance (and potentially less confusing during rigorous 
aerobatic/combat maneuvers) to the pilot. Since recovery from unusual attitudes is an 
essential part of primary pilot training as well as proficiency maintenance, the use of the 
PITS display might be of benefit in realms of aviation apart from the military. 
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Statement of the Hypothesis 
HI: For the two axis tracking task, aircraft pilots will have significantly fewer deviations 
from desired performance under the pictorial-based display conditions (i.e., under either 
the PITS or BOTH conditions) than when using conventional instruments alone. 
2. Method 
Subjects 
Subjects were recruited by posting signs around the Embry-Riddle Aeronautical 
University ERAU campus and by word-of-mouth. The subjects were told that participation 
was strictly voluntary; that there would be no compensation; that they would be free to 
withdraw from the experiment at any time with no questions asked and no penalty; and that 
the data collected would be used only to benefit and further the existing body of scientific 
knowledge. 
Twenty-four random subjects (21 male, 3 female) volunteered to participate in the 
present study. The only requirement for participation was that the volunteer must hold at 
least a private pilot's license with an instrument rating. Currency was not a requirement for 
participation, although data on currency was collected (see Appendix A for data on 
subjects). The subjects ranged in age from 19 to 50, with the mean age being 26.25 years. 
Years of experience varied greatly as well, ranging from 1 year to 29 years since first 
receiving a first pilot's license, with a mean of 6.95 years. Total logged hours ranged from 
195 to over 7000, with a mean of 1004 hours. Total instrument flight time ranged from 20 
hours to over 3000, with a mean of 171.1 hours. Of the 24 subjects, five had not any 
hours whatsoever in the previous six months to the date of their participation in the 
experiment, and four additional subjects had not logged any IFR hours in that same time 
frame. Only 13 out of 24 were actually instrument current. 
In regards to the subjects' familiarity with personal computer (pc) based flight 
simulators and PITS displays, 12 out of 24 indicated that they had some experience using 
pc-based flight simulators for the practice and maintenance of IFR flight skills. Seven 
subjects were at least familiar with PITS type display concepts, but only three of the 
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subjects had ever used a PITS type display previously with pc-based flight simulators. 
Their total times (in simulator hours) were .1, .5, and 1 hour using the PITS. 
Apparatus 
Software 
The experiment was conducted using Microsoft Flight Simulator 4.0, a personal 
computer based, low fidelity flight simulator. Within the program itself, all of the control 
settings (for joystick sensitivity, etc.) were set at neutral. (The program's sensitivity 
settings ranged from 1, low sensitivity, to 7, high sensitivity, with a setting of 4 being 
neutral.) The simulator had a feature allowing one to develop and alter unique scenery. 
Thus, scenery was created for the experiment consisting of a flat, grassy but otherwise 
barren terrain at an elevation of 840 feet. A single 10,000' long 150' wide runway, set with 
the orientation of 18-36, was used for all approaches, and a single instrument landing 
system (ILS) station was fixed for the approach to runway 36. 
For the instrument proficiency pre-test, a single very high frequency omnirange 
(VOR) navigation aid station was fixed in another part of the terrain, approximately 10 
miles distant from runway 18-36. The aircraft model used in all trials and practice flights 
was a Cessna 182. All of the conventional cockpit instruments were computer-generated 
representations of analog instruments except for the heading indicator. The heading 
indicator consisted of a circle with an upward pointing silhouette airplane in the center. 
Above the silhouetted airplane was a digital readout of the heading and below the airplane 
was a digital readout of the reciprocal course. 
The software's "highway" setting (the PITS display itself) was fixed on the 
"rectangles" setting, at medium range and medium density. (Range refers to how far down 
along the flight path the PITS is displayed and density refers to the amount of rectangles 
displayed in that range at one time.) It should be noted that the software had three options 
for PITS display configuration: rectangles, telephone poles and the "yellow brick road". 
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The rectangles were red stick upright squares that one would maneuver the airplane through 
to stay on path. The telephone poles were t-shaped figures which one would fly over to 
stay on path. The "yellow brick road" was a series of floating solid yellow quadrangles 
which one would fly over to stay on path. All three provided pitch, bank, and heading 
information inherently, but only the telephone poles provided direct orientation toward the 
ground in instrument meteorological conditions (IMC). (This was due to the fact that the 
poles always pointed down and the crossbar was always on top. While both the rectangles 
and "yellow brick road" had vertical and horizontal information, if one lost sight of the path 
in IMC it would be possible to become completely inverted and never realize it.) However, 
an inherent problem existed in how the telephone poles were programmed because, when 
flying an ILS, the only way the course deviation indicator (CDI) needles would become 
perfectly centered would be to fly directly through the center of the telephone pole below 
the crossbar. When flying directly over the cross bar, the CDIs registered about a dot and a 
half of deflection for an "above glideslope" reading. Therefore, the telephone poles option 
was discounted. The "yellow brick road" option bore little resemblance to most pathway 
displays in the related literature. Thus, the rectangles was used on all trials where a PITS 
was needed. 
With the rectangles, it was noted that when flying the ILS while perfectly centered 
in the rectangles, a slight drift to right of center resulted in a registered error on the CDI 
needle (about one quarter of one degree of localizer deviation). Yet the same amount of drift 
to the left of center resulted in no CDI deviation. The reason for this was never determined, 
and this fact was never made known to the subjects before or during the experiment. It 
must be noted here that another characteristic of the software was that within approximately 
500 feet of the ground, the boxes of the PITS would begin to alternately change color 
between red and yellow. (It is felt that this was a kind of ground proximity warning device, 
although that was never fully certain.) 
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The simulator was programmed such that it was possible to save preset conditions 
for a flight so that the flight could commence from mid-air, with or without highways, etc. 
Therefore, the introductory flights, the pretest, and all the experimental trials were 
programmed into the computer ahead of time and could be called up whenever necessary. 
Experimental Facility 
The experiment was conducted in a room at Embry-Riddle Aeronautical 
University's (ERAU) Airway Science Simulation Laboratory with equipment owned by the 
University of Central Florida (UCF). The room itself was approximately 12'xl2', with no 
windows and lit only by fluorescent lights. (UCF was simultaneously conducting another 
experiment in the same room involving a fixed video camera and other equipment. 
However, the subjects were informed prior to the start of their experimental session that the 
rest of the equipment would not be used to collect data in the present experiment). 
The computer was an IBM compatible personal computer with a 80386 processor 
running a 33mhz. There were two 14-inch color monitors, a Flitestick joystick, a computer 
mouse and keyboard. Two 8' long tables (one for the experimenter and one for the 
subjects) were set in an "L" shape, each with chairs, and a 5' high partition between the 
tables (see Figure 4). At the researcher's table were the computer's central processing unit 
and one 14-inch color monitor (slaved), a stopwatch, stapler, pens and rating forms. At the 
subject table were the other 14-inch monitor, computer keyboard, mouse and joystick. 
During the pre-test sessions and actual experimental trials, the door was locked to prevent 
intrusions and no talking was permitted. 
Design and Procedures 
Prior to the start of the experiment, the subjects were informed that the entire 
experiment would run about two hours (which proved to be accurate most of the time). 
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Figure 4. A Layout of the Room at ERAU in Which the Experiment Was Conducted. 
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Upon entering the experiment room, subjects one through seven were asked for their verbal 
consent to participate in the experiment, and were assured that the raw data collected during 
their performances would be used only for scientific research and would be kept 
confidential. Subjects 8 through 24 were given a written consent form to read and sign (see 
Appendix B). Following the consent to participate, all subjects filled out a background 
questionnaire concerning their flight experience, knowledge of pc-based flight simulators 
and pathway-in-the-sky (PITS) displays (see Appendix C for blank questionnaire). 
Subjects were then given a briefing on the purpose of the experiment, the nature of PITS 
displays, and instructions on how to use the simulator (see Appendix D). After this 
briefing, each subject was allow a short introductory flight (approximately 5 minutes) to 
become familiar with the controls and the feel of the simulated aircraft under visual 
meteorological conditions. This flight consisted of starting on the runway threshold, doing 
a takeoff, traffic pattern at 1200 feet above ground, and landing. Upon completion of this 
practice flight, subjects were then briefed on the four instrument maneuvers which they 
would execute during a second practice flight through instrument meteorological conditions 
(IMC). For this practice flight, the subjects started off in mid-air, with only the six basic 
conventional instruments. The four maneuvers during the second practice flight were: (a) 
straight and level flight at 120 knots for 1 minute, heading 360 and at an altitude of 3000 
mean sea level; (b) descending standard rate 450° turn to the right, descending to 1500 feet 
and rolling out on a heading of 090°; (c) holding straight and level flight for one minute at 
135 knots (high cruise power setting); and (d) a standard rate turn to the left heading 180° 
while climbing 1000 feet. Neither practice flight involved the collection of any experimental 
data. The subjects were given a sheet with the printed instructions for this practice flight 
(see Appendix E). The flights were solely for the benefit of the subjects to familiarized 
them with the software. 
The subjects were then given a pre-test to classify them as being either "more 
proficient" or "less proficient" instrument pilots. (Initially, the experimental design called 
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for this distinction, allowing the subjects to be classified into either one of the two groups. 
Ultimately, the study narrowed in scope and the need for the collection of this data was 
dropped; however, since the data collection process had already started and to cease the 
collection of the proficiency data might have biased the performance of those subjects who 
already had taken the pre-test, proficiency data was collected on all 24 subjects.) 
The subjects received a full brief for the proficiency pre-test (see Appendix D). For 
the proficiency pre-test, the subjects were started off in mid-air and in IMC, at 120 knots 
straight and level flight, heading 360°. The instrument panel contained the six basic 
instruments plus two VOR receivers and a distance measuring equipment (DME) display. 
Both VOR receivers were tuned in to the same VOR frequency. The top receiver's 
omnibearing selector was dialed in to 360° while the bottom VOR receiver was dialed in to 
180°. At the pre-test start, the aircraft was situated five DME from the VOR station at an 
altitude of 5000 feet mean sea level. Upon reaching station passage, the subjects were to fly 
a teardrop pattern while descending 1500 feet at 100 knots. However, as no vertical speed 
was specified for the descent, the subjects were required to determine that for themselves. 
(The descent rate should have been 300 feet per minute. The parameters for performance 
were (a) maintenance of airspeed; (b) maintenance of vertical speed; (c) altitude deviation at 
the time of station passage; and (d) distance deviation at time of station passage. (Note that 
the two VOR receivers were set so that the top receiver would provide navigation 
information to the station while on a heading of 360°, and the bottom receiver would 
provide navigation information to the station on the return inbound heading leg of the 
teardrop pattern. It was felt necessary to provide two VOR receivers with the two reciprocal 
headings due to the difficulty in changing frequencies on that particular simulator.) Prior to 
the pre-test, subjects were given printed instructions for the test including a printed diagram 
of the teardrop pattern (see Appendix E). Performance was assessed by measuring the total 
number and magnitude of deviations from the prescribed performance parameters (see 
Appendix F for pre-test performance assessment sheets). Following the completion of the 
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proficiency pre-test, subjects were then give a brief (see Appendix D) concerning the actual 
two axis tracking tasks under the three experimental display conditions. Following the 
brief, the experimental trials commenced. 
Three experimental display conditions were tested for two axis tracking tasks: (a) 
the PITS display supplemented only with an airspeed indicator (no other conventional 
instruments or navaids); (b) conventional instruments alone, referred to as INST (including 
a single VOR receiver for localizer and glideslope CDI needles); and (c) a combination of 
the PITS and conventional display, referred to as BOTH (again, including a single VOR 
receiver). All approaches were conducted in IMC, in a daytime overcast condition. The 
bottom of the overcast layer was set at 200 feet above ground. Performance was measured 
from the moment the subject started the simulation until the point of breakout at 200 feet 
above ground. Further, subjects were informed that landings were optional since they 
would not be included in the data collection. Subjects were required to fly all approaches at 
100 knots, and were told to consider the center of the PITS boxes equivalent to centered 
CDI needles. 
Subjects would begin each approach trial by releasing the pause and commencing 
the flight. Further, for all approaches, no wind conditions were used. Each subject was 
required to fly 12 approaches, and was given a five minute break between the sixth and 
seventh approach. 
To counter-balance the effect of learning to intercept the LOC and GS from one 
particular direction, each individual approach began from one of eight possible locations off 
glideslope and/or centerline. Thus, a particular subject's first approach might start off with 
three dots left of localizer, but on glideslope; the next approach might start off three dots 
right of localizer, two dots below glideslope, and so on. The following is a list of all 
possible combinations of trial starting positions. 
1)3 dots left of localizer, on glideslope, on a 15° intercept heading for localizer 
2) 3 dots right of localizer, on glideslope, on 15° intercept heading for localizer 
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3) 2 dots above glideslope, on localizer centerline 
4) 2 dots below glideslope, on localizer centerline 
5) 3 dots left of localizer, 2 dots above glideslope, 15° intercept heading for 
localizer 
6) 3 dots left of localizer, 2 dots below glideslope, 15° intercept heading for 
localizer 
7) 3 dots right of localizer, 2 dots above glideslope, 15° intercept heading for 
localizer 
8) 3 dots right of localizer, 2 dots below glideslope, 15° intercept heading for 
localizer 
Additionally, the airplane in each approach was always preset to fly at 100 knots 
straight and level, so that no inherent error or detriment to performance would be 
introduced into the experimental trial by the subject having to make a corrective input for 
airspeed at the start of each trial. 
A subject schedule for 24 subjects was developed, with display order and starting 
position order fully counterbalanced (see Appendix G). This minimized as much as 
possible any learning effect due to starting position and order in which the subjects received 
each display type. 
As mentioned, data was collected on the approaches from the moment the subject 
released the pause until the time of breakout. The experimenter collected performance data 
by viewing the second computer monitor on the experimenter's table. Data was collected on 
localizer (LOC), glideslope (GS) and airspeed (AS) deviations. Figure 4 depicts a ten 
second block from a trial performance rating sheet (see Appendix H). 
For the trials in which subjects were only to have the pathway display and airspeed 
(i.e., the PITS condition), a single VOR receiver was also displayed. However, a piece of 
paper was taped on the subject's monitor allowing the experimenter to gather CDI needle 
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deviation data while forcing the subject to use only the PITS display to execute the 
approach. The data collection sheets allowed for the recording of data every ten seconds, 
and enough sheets were included for each trial to last up to five minutes. A stopwatch was 
manually started at the time the subject released the pause, and the time on the stopwatch 
was used to keep track of which ten second block to record data in throughout the 
approach. As mentioned, data was only collected up to the point of breakout, and the exact 
breakout time was recorded. 
Time of Occurrence 
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Figure 5. A Ten Second Block as Seen on the Experimental Trial Performance Rating 
Sheet. 
Following each experimental tracking task trial, a modified Cooper-Harper scale 
(Wierwille & Casali, 1983), initially developed to assess the effectiveness of human 
machine interfaces in permitting optimum human performance with minimal errors, was 
administered to all subjects. The subjects were told to assess the display's (whichever 
display was used in the trial they had just completed) cognitive workload demands for the 
purpose of performing the task. The modified Cooper-Harper data sheet was then stapled 
to the trial data sheet and placed in a separate manila folder for each subject (see Appendix I 
for the modified Cooper-Harper sheet). 
3. Results 
Overview of Results 
Performance scores were derived by combining the measured LOC, GS and AS 
deviations data to get a single score for each subject's performance on each trial under all 
three display conditions. Then, by taking the mean performance for all four trails under 
each display condition, a single performance score for each subject was determined. Using 
this data, a one way analysis of variance (ANOVA) was conducted using display type as 
the grouping variable and performance as the independent variable. The results of the 
analysis indicate that pilot subject performance using pictorial based displays (the PITS and 
BOTH conditions) for the two axis tracking task is superior to performance using the 
conventional display (the INST condition). 
Processing of Raw Data 
Raw data was coded by means of converting the data recorded on the performance 
score sheets to raw numerical data. LOC and GS were measured with maximum positive 
and negative values being +4 and-4 respectively (LOC and GS data was coded on a one-
quarter point scale: .25, .5, .75, and whole numbers), and LOC and GS desired 
performance was considered to be zero. Although subjects were instructed to hold an AS of 
100 knots, desired performance was considered to be zero deviation; thus deviations were 
recorded in knots either positive (higher) or negative (lower) to desired performance. Once 
in the computer, the data was then stacked in a spreadsheet vertically by subject, trial 
number and display type, and horizontally by LOC, GS and AS. After this, the mean and 
standard deviation was found overall for LOC, GS and AS (some 4600 spreadsheet lines 
of data each). 
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Data was then standardized using the following process. Overall means for LOC, 
GS and AS were derived, as well as was their standard deviations. The actual equation for 
standardizing a raw score is to find the difference between the mean and the raw score, then 
divide by the standard deviation. However, for the purpose of this experiment, the desired 
performance on either LOC, GS or AS was zero but the means of the LOC, GS, and AS 
were not equal to zero. Thus, if the overall mean of LOC (for instance) were 1.5, and a 
subject's raw score were equal to 0 (i.e., desired performance), then the standardized score 
would indicate that the subject with a score of zero would actually have some performance 
deviation. Consequently, the same equation would indicate that a subject with a deviation 
score equal to the overall mean would have a standardized score of zero (erroneously 
indicating desired performance). Thus, the mean was not included in the computation of the 
standardized scores; the raw scores were simply divided by the standard deviation to 
produce the standardized data used in the analysis. 
In assessing the task of piloting an aircraft along an ILS approach (i.e., performing 
the 2 axis tracking task), it was assumed that the tasks of following localizer and glideslope 
were inherently linked. Figure 6 depicts a typical LOC and GS error on an ILS approach. 
As shown in Figure 7, the distance from desired performance on LOC and GS (zero) to the 
point of actual deviation could be seen as the hypotenuse of a right triangle, and thus a 
single score for tracking task deviation can be calculated using LOC and GS as the legs of 
the triangle (see Figure 8). The resultant score was termed "ILS deviation", which was 
added to AS deviation to produce a single measure of performance for each subject on each 
trial termed "performance deviation" (see Figure 9). 
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Figure 6. Typical LOC and GS Deviations as Presented on the Conventional Cockpit 
Display Which Might be Experienced When Executing an ILS Approach. 
ILS Deviation 
GS Deviation 
LOC Deviation 
Figure 7. The Distance of the Actual Point of Deviation to the Point of Desired Performance 
as Seen as the Hypotenuse of a Right Triangle. 
\j(LOC2) + (GS2) = ILS Deviation 
Figure 8. The Equation for Determining "ILS Deviation." 
(\/(LOC2) + (GS2) ) + | AS | = Performance Deviation 
Figure 9. The Equation for Determining Performance Deviation. 
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Trial data was then averaged to yield a single score for each trial flown under each 
display condition for all 24 subjects. The data was then reorganized in the computer 
spreadsheet such that each of the 24 subjects' data was stacked vertically and divided 
according to display type (PITS, INST and BOTH), yielding a 72 line column (24 x 3). 
Horizontally, the data was organized by performance on trials (1,2,3, and 4). A fifth 
column was added which was a mean of each subject's scores under each display condition 
for trials 1 through 4. A sixth column was added for the analysis which consisted of 
dummy codes for the three display types (1=PITS, 2=INST, and 3=BOTH). (See 
Appendix J for Standardized Mean Data Scores.) 
Analysis of Data 
A one-way ANOVA was conducted with fixed effects, using display type as the 
within subjects variable (with three levels) and mean performance on trials as the single 
dependent variable (see Table 1, Table 2 and Figure 10); there were no "between" 
variables. (However, the plot of the deviation means for display type across the four trials 
is shown in Figure 11.) The results of the ANOVA are Usted in Table 1. To account for the 
variance resulting from treatment effect (display configuration), an omega squared (Q2) 
procedure was conducted. The results of that procedure indicate that 21% of the variance 
resulted from the treatment effect (the display configuration). 
Table 1 
Analysis of Variance Source Table. 
Source 
Between Subjects 
Subjects 
Within Subjects 
Display 
Display x Subjects 
SS 
462.03 
254.75 
136.5 
df 
23 
2 
46 
MS 
20.09 
127.37 
2.97 
F 
— 
42.93 
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Table 2. 
Summary of Combined Trial Means as Performance Measures. 
Combined 
PITS 5.75 
INST 9.69 
BOTH 5.64 
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Figure 10. Mean Performance on Displays Over All Trials. 
A post hoc Tukey Test of Honest Significant Difference (HSD) revealed that the 
mean performance under the PITS condition had significantly fewer deviations (p<.05) 
than performance under the INST condition, and that mean performance under the BOTH 
condition also had significantly fewer deviations than performance under the INST 
condition. However, there was no significant difference between performance under either 
the PITS or the BOTH conditions.(See Table 3 for Tukey Test Data.) 
Figure 11. Performance Means Across All Trials. 
Table 3. 
Data for Tukey HSD Post Hoc Analysis of Combined Means. (Significance is the p=.Q5 
level.) 
PITS 
INST 
BOTH 
PITS 
mean = 5.75 
.01 
.99 
INST 
mean = 9.69 
.01 
.01 
BOTH 
mean = 5.64 
.99 
.01 
4. Conclusions 
The primary hypothesis, that for the two axis tracking task aircraft pilots wiU 
perform with fewer deviations using pictorial based displays than when using conventional 
instruments, is accepted. The fact that the deviation means for the PITS and BOTH 
conditions were significantly less than the deviation mean under the INST condition 
warrants this conclusion. AdditionaUy, the fact that the Q2 test results indicate that 21% of 
the variance results from display condition is noteworthy. 
However, that there was no statistical significance between performance using the 
PITS and performance using the BOTH displays may have at least two explanations: (1), 
that a negUgible difference actually exists between performance potential of the two display 
types; or (2) that subjects chose to rely heavily upon the pathway portion of the BOTH 
display and neglected its conventional instrument portion, an action demanding the use of 
the same visual scan pattern for the PITS as well as the BOTH displays and hence a similar 
overall performance. 
As mentioned in the Review of Related Literature, 80% of unimpaired human 
spatial orientation abilities are determined from visual cues. It seems reasonable that the 
pictorial displays which appeal to peripheral vision and hence to natural human orientation 
abilities would tend to yield flight performance with less overall mental workload than 
analog displays which must be constantly interpreted as the flight progresses. Further, the 
application of displays which appeal to the natural human means of spatial orientation might 
reduce the risk of the human pilot becoming spatiaUy disorientated, potentiaUy resulting in 
safer aviation operations. However, these two assertions (while not offered as prospective 
reasons for this investigation's results) are not directly within the scope of this 
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investigation. (It must also be noted than the PITS in this study is not a peripheral display, 
but rather a pictorial display which appeals to peripheral vision.) 
(The applicability of conclusions about aircraft pilot performance drawn from data 
gathered on a pc-based flight simulator to aircraft pilot performance flying an actual airplane 
is not within the scope of this study. However, it is presumed that enough similarities exist 
between flying a pc-based simulator and an actual aircraft to justify the assertion that the 
conclusions drawn on performance of a two axis tracking task on a pc-based flight 
simulator might be directly appUcable to performance of an instrument approach task in an 
actual airplane.) 
To restate the original problem: Aviation safety and aircraft pilot performance are 
compromised by potential for error (such as instrument fixation, omission, and the 
unintentional inclusion of failed attitude instruments in the instrument scan) when 
conducting flight solely by reference to instruments. To restate the original "Significance of 
the Problem": Aviation safety and aircraft pilot performance have the potential to be 
enhanced by the use of pictorial displays due to the more intuitive nature of pictorial 
displays over analog displays. As a result of the study that has been conducted and the 
ensuing analysis of the collected data, it is therefore arguable, assuming performance on a 
pc-based flight simulator is applicable to performance prediction in an actual Ught aircraft, 
that the use of the PITS type displays (the PITS and the BOTH display conditions) could 
contribute to safer fixed-wing aircraft IFR operations. 
However, although the present study data indicates that (for the task of two axis 
tracking) performance difference between the PITS and BOTH conditions is negligible, and 
in spite of the results of previous studies, it is impossible to state which display 
configuration, either the PITS or the BOTH, would more closely approach optimum 
aviation safety. Nevertheless, it seems enough at present to merely state that each display 
configuration does contribute to that goal. 
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Implications of the Current Study and Recommendations for Further Research 
A critical question to consider before attempting to integrate a PITS type display 
into any operational environment would be whether, in high stress/workload situations, the 
PITS type or the INST type displays would aUow superior and safer performance. (This 
statement alone raises another critical question, that being whether superior performance is 
equivalent to safer performance.) There are two obvious differences between the PITS and 
the INST. With the PITS, one may not have to maintain a constant instrument scan to hold 
altitude, heading, etc. within prescribed parameters, but one cannot fly as precisely either. 
(Although data was not collected in this study on the number of control inputs made with 
the joystick under each condition, it seems that subjects tended to make more inputs under 
the PITS condition than under the INST. As a result, the LOC and GS needles tended to 
waver more, although to no greater extremes.) With the INST, it was possible to fly more 
precisely (in terms of knowing exactly what altitude, heading, etc.) but a greater level of 
instrument scan would likely follow. A recommendation for further research is that a 
similar experiment be carried out rating the displays in terms of the amount of cognitive 
workload they are likely to impose upon aircraft pilots. 
The level of precision with which one can fly using the PITS is also a concern 
when considering the possibiUty of permitting zero ceiling/zero visibihty landings. 
Certainly if an aircraft's intended flight path can be displayed in IMC a runway should also 
be able to be displayed. Thus if PITS type displays are to be used to enhance IFR 
operational capability by permitting blind landings, the level of precision possible must be 
determined (under turbulent, crosswind, etc. conditions). 
Another critical question to consider is on the level of training which would be 
required for one to be able to use PITS type displays for varying flight tasks as proficiently 
as one is able to use INST. It is not enough to run a study such as the current to 
demonstrate that performance under the PITS type displays is superior to performance 
under the INST displays, and it is certainly not valid to state that performance on PITS is 
superior under all conditions. In order to have a completely valid comparison between 
display types, the same level and thoroughness of training must be given to pilots for the 
PITS as is given for INST in normal civilian flight training procedures. Before this 
question can be answered in full, however, a syllabus for training procedures using the 
PITS must be developed and validated. 
A final area of concern deals with the feasibiUty of implementing the display not in 
the cockpits of the heaviest and best equipment (i.e., commercial transports and business 
class transports), but rather making the display accessible to general aviation. The rationale 
behind this is that general aviation operations constitute a bulk of the accidents occurring in 
the United States each year, many of which result from pursued VFR flight into 
deteriorating weather. Commercial transport and corporate pilots tend to fly frequently 
enough that their operational knowledge and abilities probably do not suffer. Most general 
aviation pilots, contrarily, do not log actual instrument IFR hours on a regular basis and 
perhaps lack the operational proficiency that their transport flying counterparts are able to 
constantly maintain. As mentioned in the Introduction, as the level of technology increases, 
the accident rate tends to go to zero; however, if the technology is inaccessible by the bulk 
of the population to which it would be the most beneficial, its further development is 
pointless. 
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APPENDIX A: 
Subject Questionnaire Data 
Subject Number 
Age 
Years as Pilot 
Total Time 
VFRTime 
Instrument Time 
Hrs. in 6 mos. 
Time since flown 
Inst. Time in 6 mos. 
Instrument Current? 
Time since currency 
Simulator Familiarity 
Sim for Practice? 
Familiar with PITS 
Used PITS? 
FUght hrs. with PITS 
Used PITS on PC-based sim? 
Total hrs. using PITS 
1 
21 
4 
265 
240 
25 
30 
na 
8 
yes 
na 
3 
yes 
no 
no 
0 
no 
0 
2 
24 
7 
1900 
1700 
200 
5 
9mos 
0 
no 
9mos 
1 
no 
no 
no 
0 
no 
0 
3 
33 
5.25 
970 
860 
110 
150 
na 
2 
no 
3mos 
3 
no 
yes 
no 
0 
yes 
0.1 
4f 
22 
5.5 
550 
520 
80 
170 
na 
1.5 
no 
4 mos 
1 
no 
no 
no 
0 
no 
0 
5 
21 
3 
230 
200 
30 
40 
na 
3 
yes 
na 
4 
yes 
no 
no 
0 
no 
0 
6f 
20 
1.5 
800 
600 
200 
300 
na 
15 
yes 
na 
1 
no 
no 
no 
0 
no 
0 
7 
31 
8 
1250 
1150 
100 
40 
na 
20 
yes 
na 
4 
yes 
yes 
no 
0 
no 
0 
8 
50 
29 
7000 
>3000 
>3000 
0 
48mos 
0 
no 
48mos 
1 
no 
no 
no 
0 
no 
0 
9 
28 
8 
1600 
800 
800 
50 
na 
5 
yes 
na 
4 
yes 
yes 
no 
0 
yes 
0.5 
Subject Number 
Age 
Years as Pilot 
Total Time 
VFRTime 
Instrument Time 
Hrs. in 6 mos. 
Time since flown 
Inst. Time in 6 mos. 
Instrument Current? 
Time since currency 
Simulator Familiarity 
Sim for Practice? 
Familiar with PITS 
Used PITS? 
Flight hrs. with PITS 
Used PITS on PC-based 
Total hrs. using PITS 
10 
34 
14 
320 
240 
80 
0 
21 mos 
0 
no 
15 mos 
2 
no 
yes 
no 
0 
no 
0 
11 
21 
5 
250 
190 
60 
10 
na 
0 
no 
4mos 
3 
yes 
no 
no 
0 
no 
0 
12 
27 
8 
500 
415 
85 
30 
na 
10 
yes 
na 
2 
no 
no 
no 
0 
no 
0 
13 
23 
6 
350 
200 
150 
10 
na 
0 
no 
12mos 
4 
yes 
yes 
no 
0 
yes 
1 
14 
21 
2.5 
220 
190 
30 
20 
na 
5 
yes 
na 
4 
yes 
yes 
no 
0 
no 
0 
15 
22 
1 
210 
180 
30 
130 
na 
30 
yes 
na 
2 
yes 
no 
no 
0 
no 
0 
16 
43 
20 
4000 
2900 
1100 
0 
26mos 
0 
no 
26mos 
4 
yes 
no 
no 
0 
no 
0 
17f 
21 
2 
195 
110 
80 
15 
na 
0 
no 
2mos 
3 
no 
no 
no 
0 
no 
0 
18 
24 
5 
411 
341 
70 
0 
7 mos 
0 
no 
7 mos 
1 
no 
no 
no 
0 
no 
0 
Subject Number 
Age 
Years as Pilot 
Total Time 
VFR Time 
Instrument Time 
Hrs. in 6 mos. 
Time since flown 
Inst. Time in 6 mos. 
Instrument Current? 
Time since currency 
Simulator Familiarity 
Sim for Practice? 
Familiar with PITS 
Used PITS? 
Flight hrs. with PITS 
Used PITS on PC-based i 
Total hrs. using PITS 
19 
20 
2 
300 
260 
40 
50 
na 
15 
yes 
na 
3 
no 
no 
no 
0 
no 
0 
20 
22 
3.5 
300 
200 
100 
50 
na 
20 
yes 
na 
3 
no 
no 
no 
0 
no 
0 
21 
21 
2.5 
275 
255 
20 
100 
na 
20 
yes 
na 
2 
yes 
no 
no 
0 
no 
0 
22 
41 
18 
1515 
1100 
415 
0 
30mos 
0 
no 
24mos 
2 
no 
yes 
no 
0 
no 
0 
23 
21 
4 
330 
230 
100 
60 
na 
15 
yes 
na 
2 
yes 
no 
no 
0 
no 
0 
24 
19 
2 
350 
320 
30 
50 
na 
5 
yes 
na 
3 
yes 
yes 
no 
0 
yes 
1 
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APPENDIX B: 
Consent Form 
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CONSENT FORM 
Project: The Effects of a Pathway-in-the-Sky Display on the Performance of an JLS 
Approach by IFR Rated Pilots of Varying Proficiency 
I agree to participate in a study using Microsoft™ FUght Simulator 4.0 on an 
IBM™ compatible personal computer. 
I understand that I am free to discontinue participation in the experiment at any time. 
I further understand that all information about my participation in this session will be kept 
strictly confidential, with only those directly involved in the study having access to the 
material. I understand that I am free to ask questions about the procedures to be used, and 
at the end of the session I will be fully informed as to its purpose. I understand that the 
experiment is expected to have no direct benefit to me personaUy, but that the results will be 
used to further scientific knowledge about human performance using Pathway-in-the-Sky 
displays to conduct instrument flight-related tasks. 
Name (please print) 
Signature 
Date 
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APPENDIX C: 
Questionnaire 
Questionnaire 
NOTE: Do not put your name on this questionnaire 
Subject Number 
Student Number (for identification purposes only) 
Age 
Approximately how many years have passed since you were first issued your first pilot's Ucense? 
Total FUght Time (approximately) 
Total Visual Flight Rules FUght Time (approximately) 
Total Instrument FUght Time (approximately) 
In the last six months, approximately how many hours have you logged? 
If you have not flown in the last six months, how long has it been since 
you last flew? 
In the last six months, approximately how many hours of 
instrument flight time have you logged? 
Are you now legally (as per FARs) "instrument current"? Yes No 
If not, approximately how long has it been since you were last current? 
How familiar are you with personal computer based flight simulators 
which can be used for instrument flight practice? (circle one) 
Not at all Used them a few times Used them before Pretty famiUar Expert 
but not regularly 
Do you ever use personal computer based flight simulation programs for 
instrument flight practice? Yes No 
Are you familiar with Pathway-in-the-Sky (PITS) displays? Yes No 
Have you ever used a PITS in conducting an actual flight? Yes No 
If yes, approximately how many hours have you logged using PITS displays? 
Have you ever used an PITS display on a PC based flight simulator? Yes No 
If yes, give an approximation of the amount of time (in hours) you have spent 
using PITS displays. 
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APPENDIX D: 
Briefing Form 
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BRIEFING FORM 
The experiment which you are about to participate in is part of the data collection process 
for a graduate thesis to be completed through ERAU. 
The tasks which you are to perform involve the use of three different instrument display 
types to execute an Instrument Landing System approach through instrument 
meteorological conditions into a generic airport. 
The three display conditions are as follows (you will not necessarily receive them in this 
order): 
Condition one Conventional instruments alone (altimeter, airspeed, etc.) 
Condition two Pathway-in-the-Sky plus airspeed 
Condition three Pathway-in-the-Sky plus conventional instruments. 
A Pathway-in-the-Sky (pathway) display is a three dimensional, forward-looking display 
which is presented on this particular simulator (Microsoft FUghtSim 4.0) in a heads-up 
display format. Essentially, it gives course and altitude guidance in the form of a series of 
rectangles which mark out the proper course and altitude to fly. Keep the airplane flying 
through the rectangles and you will be on course. 
For the purpose of this study, the pathway display wiU be supplemented with an airspeed 
indicator during "Condition two". As mentioned, you wUl not necessarily receive the 
displays in the order listed above. 
Questions? 
The simulator you will fly is Microsoft FUghtSim 4.0. All turns are coordinated (i.e., 
rudders are slaved to the control stick). Power is controlled by means of function keys 1-4, 
flaps are controlled by means of function keys 5-8, and the landing gear is controlled by 
hitting the "g" button on the keyboard." DME is located... Tachometer is located... etc. 
For the entire duration of the experiment, you must keep the joystick on the left hand side 
and the keyboard toward the right hand side of the table. 
The aircraft you will be flying is a generic general aviation aircraft. During the first practice 
flight, you will be able to execute a takeoff and landing (runway heading is 360). During 
the other practice flights, you will start off in mid-air and be required to perform instrument 
maneuvers in instrument meteorological conditions. 
Note that the airport elevation in all cases is 839 ft. 
Brief for instrument practice and test 
The following is a briefing for the practice instrument maneuvers. 
Now you will have the opportunity to execute a four "warm-up" instrument maneuvers. 
You will be in total Instrument Meteorological Conditions for the duration of this session. 
You may ask what maneuver comes next at any time during the flight. 
First, establish and hold any heading in straight and level flight for one minute at 120 
KIAS. 
When this is complete, descend 1000' in a standard rate 450 degree turn to the right at 120 
KIAS. 
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Next, accelerate to 130 KIAS. and hold for one minute in straight and level flight. 
Finally, execute a chmbing standard rate left turn to heading 180. climbing 1000 feet. 
Teardrop Test: 
You are required to execute a teardrop pattern. You wiU start out at 5000 feet on a 360 
heading for a VOR, at 5 DME. Your top VOR receiver has the heading of 360 dialed in, to 
assist you in navigating TO the station. When you get station passage, turn right on an 
outbound heading of 030, and initiate a descent at 100 KIAS and 300 feet per minute for 
1500 feet. For the teardrop, execute a left-hand turn back to the station. Your bottom VOR 
receiver has the heading 180 dialed in to assist you navigating back to the station on your 
inbound leg. 
It is up to you to determine how long your outbound leg must be, and to successfully pass 
as near to the station as possible upon reaching the target altitude. 
You are required to complete the partem passing directly over the VOR at the proper altitude 
(that is, 1500 feet lower than your initial altitude). However, this test will be complete 
when you have both passed the station and descended 1500 feet. 
For this test, there will be no communication between the pilot and the researcher. 
Questions? 
PITS Trials 
Now you will have the chance to execute 12 ILS approaches using the various display 
conditions described earlier. During the actual approach trials, you will be started at 2000ft 
above ground level, on a 15 degree intercept course for the ILS, at 3 dots left or right of 
localizer centerUne, or on an intercept path with 2 dots of glide slope deviation, or any 
combination thereof. Your performance will be measured from the time you begin until you 
reach an altitude of 200ft AGL (where the cloud layer wiU end), and your landing will not 
be included in the data measurement. Further, the landing gear is already down, and you 
will not be required to go through any checklists. You will not be given an approach plate; 
this is a generic ILS. 
An average power setting to execute the ILS is between 1600 and 1800 rpm; however, you 
are not Umited to this power range. 
Questions? 
Your performance will only be measured on localizer, glide slope and airspeed deviations. 
You are required fly the ILS at 100 knots indicated air speed. You wiU have a conventional 
localizer and glide slope display on conditions 1 and 3. In conditions 2 and 3, the center of 
the pathway display is the same as the centered localizer and gUde slope needles. 
During the trials, there will be no communication between the pilot and the researcher. 
Questions? 
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APPENDIX E: 
Instrument Maneuver and Pre-Test Instructions 
56 
Instrument "Warm-Up" Maneuvers 
• Straight and level for 1 minute, at 120 kias 
• Standard rate 450° right turn, descending 1000 feet, at 120 kias 
• Accelerate to 130 kias, straight and level flight, for 1 minute 
• Standard rate left turn to heading 180, climbing 1000 feet. 
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Teardrop pattern 
Start: 5000 ft. 
Heading 360 
OBS 360 TO 
5 DME 
FOR TEARDROP (left turn): 
Fly outbound heading 030 
300 fpm descent 
Descend 1500 feet 
100 Knots Indicated Air Speed 
It is up to you to determine how long your outbound leg must 
be, and to successfully pass as near to the station as possible upon 
reaching the target altitude. 
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Teardrop Plate 
Inbound 
Heading 180 
(VOR 2) Outbound 
Heading 030 
Descend to 3500' 
Maintain 300 fpm descent 
Maintain 100 KIAS 
Heading 360 
Alt 5000' 
(VOR 1) 
Start 
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APPENDIX F: 
Teardrop Pre-Test Rating Form 
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Teardrop Test Rating Form 
Subject ID Number 
Subject Number 
KIAS Deviation 
-20 •10 0 +10 +20 
Vertical Speed Deviation 
•1000 -500 +500 +1000 
DME Deviation at altimde level-out 
0 +1 +2 +3 +4 +5 
h + + 
Altitude deviation crossing fix 
+ + ^ + 
100 200 300 400 500 500 400 300 200 100 0 
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APPENDIX G: 
Subject Schedule 
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APPENDIX H: 
Trial Performance Rating Sheets 
Trial Rating Form Page 1 
Subject ID Number 
Time of Occurrence 
01:10 
01:20 
01:30 
01:40 
01:50 
02:00 
Localizer/ 
Glide Slope Deviation 
/ • \ 
I • • • f l j • • • I 
x^ ^ • ^s 
/ • ^^ 
/ • \ 
1 • • • r*\ • • •) 
\ • / 
\ • / 
j ^ * * " " • " X . 
/ m ^\ 
/ • \ 
I • • • | • j • • • 1 
\ • / 
/ • \ 
[ • • • C*j • • • ] 
\ • / 
\ • ^ / 
/ " ^ \ 
/ • \ 
[ • • • C'j • • • 
X. • _^r 
| • • • Cm J • • • I 
\ m / 
KIAS Deviation 
i 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
Trial Rating Form 
Subject ID Number 
Time of Occurrence 
Localizer/ 
Glide Slope Deviation 
Page 2 
KIAS Deviation 
01:10 
-\ 1 1 1 h 
-20 -10 0 +10 +20 
01:20 "I 1 1 1 1-
-20 -10 0 +10 +20 
01:30 "I 1 1 1 1-
-20 -10 0 +10 +20 
01:40 
-20 -10 0 +10 +20 
01:50 1 1 1 1 f-
-20 -10 0 +10 +20 
02:00 1 1- 1 h 
-20 -10 0 +10 +20 
Trial Rating Form 
Subject ID Number 
Time of Occurrence 
02:10 
02:20 
02:30 
02:40 
02:50 
03:00 
Localizer/ 
Glide Slope Deviation 
Page 3 
KIAS Deviation 
-\ 1 1 1 h 
-20 -10 0 +10 +20 
"I 1 1 1 1-
-20 -10 0 +10 +20 
1 h 1 1-
-20 -10 0 +10 +20 
1 1- 1 f-
-20 -10 0 +10 +20 
1 1 1 1 1-
-20 -10 0 +10 +20 
1 T 1 1-
-20 -10 0 +10 +20 
Trial Rating Form 
Subject ID Number 
Time of Occurrence 
03:10 
03:20 
03:30 
03:40 
03:50 
04:00 
Localizer/ 
Glide Slope Deviation 
* a >-
/ • \ 
[ H I (') • • • J 
\ a / 
x " • 
x^ a ^y 
y^~ a """"X^  
I a ^V 
/ • \ 
I I i (*] • • • ] 
\ a / 
^ x ^ " ^^^ 
y^ a ~^x. 
y a x. 
/ • \ 
I a a a faj a a a ] 
\ * / 
x m y 
x^ ^ a ^y 
- r l > . 
/ m ^\ / a \ 
I a a a Taj a a a J 
\ a / 
V a y 
^^ a ^y 
1 " \ 
[ a a a fa J a a a 1 
x. • ^y 
y / | > k 
/ a \ 
[ a a a (aJ a a a 1 
x " y 
KIAS Deviation 
i 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
l 
-10 
1 
0 
1 
+10 
I 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
1 
-20 
1 
-10 
1 
0 
1 
+10 
1 
+20 
68 
APPENDIX I: 
Modified Cooper-Harper Sheet 
Subjective Workload Assessment Sheet Subject Number 
Pathway Condition (circle one): CFPD+AS INST 
Subject ID Number. 
BOTH 
Instructions: Follow flow chart and circle only one number which is appropriate for your level of mental workload 
experienced during the previous procedure. 
Start here 
Operator decisions 
Even though 
errors may be 
large or frequent, 
can instructed task 
be accomplished 
most of the time? 
I 
no Major deficiencies. 
System design is 
mandatory. 
Impossible Instructed task cannot be accomplished reliably 10 
yes 
Are errors 
small and 
inconsequential? 
no Minor deficiencies. 
System redesign is 
strongly recommended, 
Major difficulty Intense operator mental effort is required to 9 
accomplish task, but frequent or numerous 
errors persist 
Major difficulty Maximum operator mental effort is required to 8 
avoid large or numerous errors 
Major difficulty Maximum operator mental effort is required 7 
to bring errors to moderate level 
yes 
Is mental workload 
level acceptable? no Mental workload is high and should be reduced 
yes 
Very objectionable Maximum operator mental effort is required 
but tolerable to attain adequate system performance 
difficulty 
Moderately 
objectionable 
difficulty 
Much operator mental effort is required 
to attain adequate system performance 
Minor but annoying Moderately high operator mental effort is required 
difficulty to attain adequate system performance 
Fair, mild difficulty Acceptable operator mental effort is required to 
attain adequate system performance 
Easy, desirable Operator mental effort is low and desired 
performance is attainable 
Very easy, highly 
desirable 
Operator mental effort is normal and 
desired performance is easily attainable 
70 
APPENDIX J: 
Standardized Mean Data Scores 
SUBJECTS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
PITS 
3.005826 
4.970618 
6.530289 
10.44353 
3.099558 
4.785233 
3.201452 
3.932952 
2.964676 
6.442724 
4.648618 
4.241806 
4.748819 
7.342161 
6.878664 
4.833039 
7.062229 
4.319426 
3.614562 
9.762368 
3.333998 
4.895413 
6.801363 
16.24456 
INST 
4.496033 
7.082366 
11.88484 
16.24623 
6.177474 
8.978715 
9.414927 
13.8526 
4.038538 
10.26711 
10.27347 
10.5573 
9.362448 
9.026482 
9.474155 
8.238101 
17.12526 
8.457254 
6.517514 
9.168521 
5.787425 
7.662351 
12.92552 
15.51128 
B O T H 
3.756992 
5.778601 
6.792421 
9.722983 
3.470393 
6.519302 
6.466528 
4.461491 
3.696267 
6.205604 
3.307987 
4.945857 
5.671463 
7.574694 
6.460236 
5.786584 
5.095168 
4.823698 
3.076888 
6.551785 
4.230352 
3.371115 
4.856469 
12.84941 
